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Medicina di Precisione in Oncologia Pediatrica

COSA STIAMO
TROVANDO?

COSA ClI ASPETTIAMO
DI TROVARE?




International pediatric precision oncology platforms

- |dentification of tumor-specific alterations

g o which can serve as targets for

g e [ personalized therapy.

B T —— . Mainly focus on relapsed, progressive or
B s I e SN e e very high-risk malignancies due to the

5 ownmeen e S et limited treatment options for these

patients.



COSA STIAMO TROVANDO?

Cosa hanno scoperto queste
piattaforme di medicina di
precisione sui tumori pediatrici?




European Studies

MAPPYACTS

RESEARCH ARTICLES | MAY 02 2022

The European MAPPYACTS Trial: Precision Medicine Program
in Pediatric and Adolescent Patients with Recurrent
Malignancies 3
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Estelle Thebaud; Michela Casanova; Cormac Owens &); Raquel Hladun-Alvaro; Stefan Michiels; Olivier Delattre; Gilles Vassal;
Gudrun Schleiermacher; Birgit Geoerger &

INFORM

Cases: 689 in 4.5 years
WES and RNAseq

Cancer Discov (2022) 12 (5): 1266—1281.
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The Pediatric Precision Oncology INFORM Registry: Clinical
Outcome and Benefit for Patients with Very High-Evidence
Targets 3
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Cases: 1500 in 6 years
WES, RNAseq and IcWGS

Cancer Discov (2021) 11 (11): 2764-2779.




Definizione “Potentially targetable genetic alteration”

o ALTERAZIONE GENETICA E' CONSIDERATA POTENZIALMENTE TRATTABILE PERCHE:

1. Esiste un farmaco approvato che agisce direttamente sull’alterazione genetica

2. Esiste un farmaco sperimentale (in fase preclinica o clinica) che agisce direttamente sull’alterazione
genetica.

o ALTERAZIONE GENETICA ALTAMENTE PRIORITARIA

1. MAPPYACTS, Ready for clinical use: esiste una corrispondenza nota tra I’alterazione e un farmaco con
un’attivita anti-tumorale (>309%, tasso di risposta obiettiva, ORR) nei trial clinici (stesso tumore o simile)

2. INFORM, Very High Priority: gene direttamente bersagliabile noto per essere un driver in una specifica
entil’;él;t_LimoraIe, con mutazione puntiforme driver confermata o fusione attivante confermata/molto
probabile.



Comparison of two pediatric precision oncology studies

Overall cohort-level findings on targetable alterations and matched targeted treatment

632 sequenced total patients 519 sequenced tumors

Sequenced total patients

632

519

Sequenced tumors

0 At least one 0
'grleeatsatbtl)::lteration 6 9 A) 6 targetable alteration 43 A)
g 436/632 very high / high / 225/519
moderate priority
At least one _ 7 % @ At least one 8 %
ready-for-use alteration 44/632 very high priority alteration 12/519
% 17%
Received targeted 24% Y - 0 0
wistchemt s 07/436 107/632 Re‘;e',:"*: tta'gteted t 65%129.3%
among patients with | among all sequenced IaEciodircanncn 147/519
a targetable alteration patients 1 47/ 225
\ J
<

O 0RO

Targetable alterations
were more frequent in

Study 1: 69% vs 43%.

alterations were similar:
7% in Study 1vs 8%
in Study 2.*

@

Highest-priority actionable

Matched targeted treatment
across the full cohort was
higher in Study 2:

29.3% vs 17%.




Dati sul trattamento su tutti | pazienti

MAPPYACTS INFORM
e Valutazione complessiva (109 pazienti valutabili): ¢ ﬁizgﬁ)a?ie”“ con target molecolare ad alta priorita (very
® Risposta parziale (PR): 18 pazienti (17%; IC o _ .
95%: 10%-25%) ORR * 20 pazienti hanno ricevuto un trattamento mirato:

_ _ S e 5, 99-NA)
e Malattia stabile (SD): %; 165-NA)

e Controllo della malat _
| tamento mirato:

adICRE con target ad alta priorita [

e Durata mediana del t . . . P =0.32)
ML HIE  trattatl con terapie mirate
697 giorni) ficevuto terapia mirata.
Progressione rapida della malattia.
Mancanza di disponibilita del farmaco.

*  ORR (309 tasso di risposta obiettiva) : 38% (5/13; IC *  Rifiuto del paziente/famiglia.

95%: 18%-65%) »  Costi non coperti dalle assicurazioni.

« Q) Tutti trattati con farmaci singoli

A priorita non ha

® Alterazioni " ready foruse " (13 pazienti):




Results of PREME: Precision Medicine for Neuroblastoma

Journal of
Translational Medicine

RESEARCH Open Access
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Cosa ci aspettiamo di trovare?

Alterazioni molecolari che sono bersagli
terapeutici validati da studi prospettici specifici
per la tipologia di tumore da trattare

FDA-approved alterations/drugs including all
tumors (OncoKB):

® 55 targeted genes, 38 cancer types
e 189 clinical applications

FDA-approved alterations/drugs for pediatric
solid tumors

e 7/55(13%) targeted genes, 6 cancer types

o 17/189 (9%) clinical applications

FDA approved molecular targets in pediatrics

Cancer Type

B-Lymphoblastic
Leukemia/Lymphoma

Acute Myeloid
Leukemia (AML)

Acute Leukemias of
Ambiguous Lineage
Anaplastic Large-Cell
Lymphoma ALK
Positive

Low-Grade Glioma,
NOS
Encapsulated Glioma

Oligodendroglioma,
Astrocytoma

Inflammatory

Myofibroblastic Tumor Sarcomas

Epithelioid Sarcoma

marzo 2025

Pediatric Tumor
Category Gene

Leukemia and ABL1 (BCR-ABL1 Fusion, T315I), KMT2A

Lymphoma (Fusions)

Leukemia and
Lymphoma KMT2A (Fusions)
Leukemia and
Lymphoma KMT2A (Fusions)
Leukemia and
Lymphoma ALK (Fusions)

Central nervous

system BRAF (Fusions, V60OE)

Central nervous TSC1 (Oncogenic Mutations), TSC2
system (Oncogenic Mutations)

Central nervous
system IDH1 (5 SNVs), IDH2 (4 SNVs)

ALK (Fusions)

Sarcomas SMARCB1 (Deletion)

Drugs

Dasatinib, Imatinib, Ponatinib,
Revumenib

Revumenib

Revumenib

Crizotinib

Tovorafenib, Dabrafenib +
Trametinib

Everolimus

Vorasidenib

Crizotinib

Tazemetostat



microsatellite
instability high

tumor mutational
burden

Alterazioni molecolari che sono bersagli teraupetici in
pazienti con diversa eta e con diversi tumori

Target Orug Children included Year approved  Cancers included Commants

Makecilar bicrnarker-based 1Baus-agrastic Approsals

MS-Hideficient Pambrolizumab: Children included 2mr Sclid bumors Tissua-agnostic

MMH gones {anti-PD1] Mo age restriction Solid tumors

WTRK fusians HTRK infbkar Children included e Tissue-agnostc Tissus-agnostic
lsrotractnib Mo age restriction Solid tumors

NTRK Tugiong Ervirectivib (NTRK Childran =12 2Ny Tiggaa-agnealic Tiggha-pgncatic
rihiier) yoars ald Selid nmers

NTRK Tugians Rapairactini (NTRE Childran =12 2024 Tiaea-agneatic Tigsia-agnoslic
rihiiter) yoara ald Solid namers Solid hrnors

ThB-high (=10 Pambrolizumak: Children included 2020 Sclid tumers Tissus-agnostc

merationsimb) {anti-PD1] Mo age restriction

BRAF VE0OE Drabwalersbs [B-Ral Children = 8 2022 Solid namers Tisse-agnosalic

railatizra rihiafer) plus yoara ald Caloractal cansar
iramatinit: (MEK axchidad,
i)

RET fusions Salpercatinb Children =2 years 2024 Solid bumors Tissus-agnostic

and ahowva

NTRK ®
BRAF ©
RET &

&

FDA-approved tissue-agnostic therapies

Age & Tissue-agnostic Genomic Drivers

M

|
Baby

@ Infantile
fibrosarcoma

|
Toddler

Neuroblastoma  Wilm's

“ intantile

munfihrama

i

Mesoblastic LGG HGG
Nephroma
Langerhans LGG
Tumor coll histiocytosis
Lipofibroma MT Papillary

P

Adult Older-Adult
Secretory-Breast Anaplastic-thyrold
Carcinoma Cancer
Lung cancer Melanoma
Lung cancer Pancreatic Cancer

NTRK1-2-3 fusions, RET fusions, BRAF V600 mutations

9/55 (18%) appiroved targst genes <+

g MS] amnd TS

Cancer Cell 42, September 9, 2024



Somatic druggable relevant point mutations in 316 WGS from neuroblastoma

« 566 cancer genes
¢ Mutations with:

D functional impact predictions E OUTPUT A

ClinVar annotation

8 Somatic Evidence Neuroblastoma (AMP classification, Tier Variant)
B Tier 2C Theraupetic

7 W Tier 2D Theraupetic

111 Prioritized Pathogenic Somatic Mutations B Tier 3 Theraupetic/Prognostic

o

[

40 tumors (12.6%) carried at least one
mutations with clinical or preclinical
therapeutic evidence in neuroblastoma

N

1. Variant-Level Clinical Evidence OUTPUT A

{ACMG-AMP-ASCO-CAP Therapeutic Tiers 1-3) Estimate the percentage of tumors
Identify variants previously tested in clinical or with clinically or preclinically tested
preclinical therapeutic studies. druggable mutations in NB.

rmewcnenes 00/ 316 (289,) di casi con

[ACMG-AMP-ASCO-CAP Therapeut

] alterazioni molecolari
potenzialmente trattabili

% tumors with mutations
w

N

TPESF

3. Reclassification of Tier 3-Uncert: Source of evidence

ClinVar Esti " MRnEa = f B mm ACMG-AMP-ASCO-CAP
(Pathogenic/Likely Pathogenic prioritized variants) “_T:““t?j_‘ *’E‘:’“’“‘"gf’“ WPl G B ClinGen-CGC-VICC reclassification
Select variants not annctated by ACMG-AMP-ASCO-CAP wit prta_ 'CE _t'_-uggT T_;m:‘_tatlons S 25 B ClinVar reclassification
but classified as P/LP in ClinVar. e e S
-
£ 20 48 tumors (15.5%) carrying
asstication of Hema) _%Gcmcc = potentially druggable somatic variants
ariants Usin ni=en . . .
) ants Bsing ClinGen-=0= . 215 that lack functional validation
{Oncogenic/Likely Oncogenic prioritized variants) [
Retain variants not classified as P/LP in ClinVar but g
annotated as Oncogenic or Likely Oncogenic by ClinGen- 510
CGC-VICC. -
BN
0.5
0.0
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D’Alterio et al. submitted Genes & Diseases



How to increase the FDA approved
alteractions/drugs for pediatric tumors?

Intensify 3 main actions
Increase knowledge of
genomics and biology of

ol | U O Q4
1.Novel Tumor-

agnostic and -specific
Molecular Alterations

Assess clinical utility of the
targeted therapy

1. in vitro preclinical

studies 1. Access to drugs

2.ldentifying

Germline Druggable 2. Developing Clinical

Protocols

) 2. in vivo preclinical
Mutations

3.Tumor
heterogeneity

studies




Increase knowledge of genomics

and biology of pediatric tumors

1. Novel molecular alterations (tumor specific or agnostic)
Whole Genome Sequencing (WGS)

. . Coding mutatiol_ns Non-coding mutations Chro Chr22
® WGS can detect non-coding mutations, _ Loy e
SVs (structural variants) including ._ e e
SCNAs (somatic copy number e == -
alterations) and translocations, = = = =
o . Pathogen Deletion —=::_: Translocation
¢ Combining WGS and RNA sequencing detection & ==
Alternative isoform and gene fusion Amplification

\ J

||
SV and SCNA



Increase knowledge of genomics

and biology of pediatric tumors

Target vs WES vs WGS

Identification of Actionable Variants:
 Targeted Gene Panel: 329 of participants
« WGS: 629 of participants

* After Integrating RNAseq Analysis: 96% of
participants

Clinical Impact of Molecularly Informed
Therapies:

* 32 therapies were pursued in 28 participants.

* 549, of patients achieved clinical benefit
(defined as objective response or stable
disease for 26 months).

nature medicine Accepted: 8 May 2024 3

Article hitps:/fdol.ong/ 101 036/541561-024-03056-w

Benefits for children with suspected cancer
fromroutine whole-genome sequencing

nature communications Accepted: 29 April 2024 ()

hittps:/fdol.ong/ 10,1038/ 5414 67-024- 48363 -5

Whole genome and transcriptome
integrated analyses guide clinical care
of pediatric poor prognosis cancers

nature genetics Accepted: 1 May 2024 &

Analysis 0f10,478 cancer genomes identiﬁes
candidate driver genesand opportunities for
precision oncology



Increase knowledge of genomics

and biology of pediatric tumors

2) ldentifying Germline Druggable Mutations

6-189, pediatric cancers carry at least

one rare cancer pre dis POS Ition mutation Examples of inherited alterations that may guide targeted treatment
0 Homologous recombination repair (HRR) genes 9 ALK germline variants
e Genes: BRCA1/2, ATM, Fanconi anaemia genes, o Gain-of-function variants: R1275Q, R1060H,
CHEK2, BRIP1, PALB2, RAD51C, and others 11183T. L1204F. R1231Q, 112507
w 20% 1 e Biologic rationale: impaired homologous y iz o X =
s 17.6% recombination repair makes tumor cells less ® Preclinical evidence suggests sensitivity to
= able to repair DNA damage d crllzotmlb; some variants may also predict
S 15% 4 o Potential sensitivity: platinum-containing resistance
5 agents and PARP inhibitors (e.g., Olaparib) o Reference: Cancer Cell 26, 682-694 (2014)
2 o Clinical note: Olaparib is standard of care in o oo
; 10% ovarian cancer with germline BRCA1/2 mutations g Clmu':al s'g'?a" i phgse | study NCTOO%QWO’
= 2 patients with germline ALK variants were
H o Potential benefit also reported in breast, prostate, treated with crizotinib
2 and pancreatic cancers with germline BRCA1/2 .
‘g 5% NEcE T or ATM mutations ° putcome: one patient had .marked symptom
5 L o Selected studies: NCT02032823, NCT02987543, :;;?:::em ahd aneaclcvesliagsipidi
\ NCT02184195 a8 )
> N o ° & » e NF1 germline mutations 0 Mismatch repair (MMR) deficiency
& & §) & &
& & .e)& ,g}o '@'@ & ® Loss of NFI activity increases RAS © Genes: MSH2, MLH1, PMS2, MSH6, POLE,
= I ) > e & RAS B2 S and others
& < & & QS\‘@ & paltiway sigpaling Defective mismatchirepair can Jead torhigh
& & i L5 ot o Defective mismatch repair can lead to hig|
o @‘* \\Q' ,ob-o (RAFD ¢ ZGET(":;::;:;;’“MW' selumetinib mutational burden and increased immunogenicity
@ A g R 4
& (MEK) ® Patients with germline NFI mutations may 8 ?ol:?lgil'al s?ré:t)mty. immune-checkpoint
(ERK) benefit from MEK pathway inhibition i ' fHon
S © Rationale: these tumors may express key
© Selected studies: NCT03326388, immunomodulators and respond better to
ke NCT01089101 ) checkpoint blockade )

Capasso et al. Frontiers in Oncology, 2020



Germline Variants may be Actionable Therapeutic Targets
of PARP and ALK inhibitors: three successful cases

CORRESPONDENCE

Response to PARP Inhibition in
BARDI-Mutated Refractory Neuroblastoma

Patient: Metastatic high-risk neuroblastoma, refractory to
standard therapy

Genetics: Pathogenic germline BARDI loss-of-function
variant (loss of DNA repair function)

Treatment: PARP inhibition (talazoparib + irinotecan)

Outcome: Early complete response and durable
remission (32 months)

Case Reports
Anaplastic Lymphoma Kinase Inhibition Therapy for
Hereditary Neuroblastoma

Yaél P. Mossé, MD'? ) ; Grace Polkosnik, BS'(®; Jenny Pogoriler, MD, PhD?* ) ; Peter Mattei, MD?*; Lisa J. States, MD?%; ant
John M. Maris, MD'?

DQ httpsy//doi.org/ 10.1200/ PO24-00886

Patient 1 (girl, 6 months):
Diagnosis: Stage IV neuroblastoma, bilateral adrenal tumors

Refractory to standard therapy

Germline mutation ALK R1275Q

Relapse — crizotinib therapy — complete response

Therapy maintained 5 years — now in remission for 8 years

Patient 2 (mother, 36 years old):
Silent carrier of the ALK R1275Q mutation. No surveillance

Diagnosis: bilateral neuroblastoma during second pregnancy
Treatment: crizotinib — replaced with alectinib (did not tolerate crizotinib)

Bilateral surgery + therapy — complete remission maintained 28 months



Increase knowledge of genomics

and biology of pediatric tumors

3) Tumor heterogeneity

J >
. .
\/ O\

* Eterogeneita del tumore: La
diversita e l'evoluzione del tumore
nel tempo evolve sotto
trattamento (meccanismi di
resistenza).

>
Single-Cell Sequencing

" Bulk Sequencing

* Combinazioni terapeutiche:

=@ Utilizzo di terapie mirate con Single cell sequencing: measurements of
S chemio o con altri agenti mirati per biological contributions of each cell to healthy
. ridurre effetti collaterali ed evitare or diseased tissues
R resistenze.

Bulk sequencing: reflects an average signal
of mixed cells

Advantages: to detect mRNA expression,
epigenomics changes, or genomic variants
that can be lost by bulk sequencing.




Assess the interaction between
molecular alterations and

chogs 1) In vitro preclinical studies

Comprendere le implicazioni funzionali e

cliniche delle alterazioni genomiche

Molecular alterations

Functional studies

Gene-drug interaction

Drug dovesopmont

Precision medicns
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Gruppo collaborativo internazionale per
realizzare Atlante degli Effetti delle

Varianti

Genome Biology volume 24, Article number: 147 (2023)

Multiplexed assays of variant effect (MAVES)



https://genomebiology.biomedcentral.com/
https://genomebiology.biomedcentral.com/

2) In vivo preclinical studies

Need of Models that reflect human
cancer biology and genetics.

a Journal of
Jof Tanslational Medicine (2024) 22151 . -
L01g/10.1186/512967-024-04s Translational Medicine

PEDIATRIC HIGH-GRADE GLIOMA  PEDIATRIC BRAIN TUMOR PORTAL
Review Article \ Published: 23 September 2022 ®
d 5/ I ith o derived From the identification of actionable
Towards precision oncology with patient-derive molecular targets to the generation of faithful
xenografts — neuroblastoma patient-derived preclinical
R—— models
Eugenia R. Zanella, Elena Grassi & Livio Trusolino ] & "
_ "'4* . DNA methylome profiling
Nature Reviews Clinical Oncology 19, 719-732 (2022) \ Cite this article ;;" - :"
o -
- == Genome-wide sequencing rticle | Open access | Published: 18 September 2023
7 == biobank of pediatric patient-derived-xenograft
o e odels in cancer precision medicine trial MAPPYACTS
@ = ;7: r relapsed and refractory tumors
- = m =

L Chemical sensitivity |




Assess clinical utility of
the targeted therapy

1) Developing Clinical Protocols
2) Access to drug

1. Problemi nei trial pediatrici:

*Ritardi nei trial pediatrici: Gli studi clinilci nei bambini vengono spesso condotti solo su farmaci gia efficaci nei
tumori adulti.

‘Numero limitato di pazienti: Nei trial pediatrici, soprattutto quelli basati su biomarcatori, il numero di pazienti
idonei & molto ridotto.

*Protocolli clinici con design statistici flessibili.
*Utilizzo di nuovi farmaci anche in fasi iniziali della malattia

2. Tipologie di trial innovativi:

*Basket trial: Coinvolgono pazienti con tumori diversi ma con alterazioni genetiche specifiche (es. MATCH, AcSé-
ESMART).

Umbrella trial: Pazienti con lo stesso tipo di tumore vengono assegnati a trattamenti mirati in base a specifiche
alterazioni molecolari.

*Condivisione e armonizzazione dei dati clinici, dati molecolari e metodi di classificazione delle varianti

3. Ostacoli regolatori e industriali:

*Bassa disponibilita di farmaci e interesse aziendale: La legge RACE per bambini (FDA, 2020) obbliga le
aziende a testare nuovi farmaci oncologici pediatrici quando il meccanismo d'azione é rilevante per i bambini.



Potentially
actionable
alterations

-50-60%

-109% high priority
targets with clear
benefits

Approved
alterations

16%

Conclusions

Increase knowledge of genomics
and biology of pediatric tumors

Potentially
actionable
alterations

169,

Approved
alterations

50-609%,




Italian Multicentre Project
Advanced Genomic Strategies to Uncover Clinically Actionable
Molecular Alterations in Neuroblastoma
AlterAction (2025-2027)

Ay,

iy Long-reads sequencing

co

Improve Personalized Medicine

Single cell RNA sequencing O [dentificaziome i Target Terapeuticd
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predisposing Variants
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Conclusion and outlook

e 1. Advances Through Clinical Sequencing Initiatives

*  Deeper biological insights into childhood tumors.

 Examples of success: Sustained responses with matched target and treatment: BRAF V60OE, NTRK
fusion, RET fusion, ALK mutations, IDH1 and IDH2 mutations

* Germline variation as therapeutic target and markers of drug toxicity

e 2. Additional Profiling Methods

* Combined WGS and RNAseq

* Long reads sequencing: new SVs

* Single-cell genomics: Explores tumor heterogeneity for personalized treatments and understand the
resistance mechanisms

*  Multiplexed assays of variant effect (MAVEs): discover the effects of genetic variants
* Liquid biopsy monitoring: Tracks mutational profiles during treatment.

*  Proteomic analysis: Identifies protein-level changes for treatment targeting.



Conclusion and outlook

e 3. Challenges

* Clinical trial design:
* Needs to be faster and more flexible.
* Allows testing of targeted agents in smaller subsets of patients.

 Combination therapies: Improve outcomes through synergistic treatments.

* Pediatric access:
* Accelerate the development of new drug.
* Ensures logical and effective treatment options.






® 519 sequenced tumors

o 225/519 (43%) patients with at least one
targetable alteration (very high, high,
or moderate priority score)

o 42/519 (8%) patients with at least one very
high priority alteration

e 147/519 (29.3%) patients recieved a targeted
matched treatment




Potentially targetable genetic alterations in Solid Tumors
MAPPYACTS

« 632 sequenced total patients:

436 /632 (69%) patients with at least one
targetable alteration

44/436 (10%) patients with at least ready for
use alteration

107/436 (24%) of patients recieved a
targeted matched treatment

107/632 (1/%) of all patients recieved a
targeted matched treatment

« 184 sequenced CNS:

125 /184 (68%) patients with at least one
targetable alteration

28/125 (22%) patients with at least ready for
use alteration

47/125 (38%) of patients recieved a targeted
matched treatment

47/184 (25%) of all patients recieved a
targeted matched treatment

248 sequenced sarcomas:

165 /248 (66%) patients with at least
one targetable alteration

5/165 (3%) patients with at least ready

for use alteration

39/165 (23%) of patients recieved a
targeted matched treatment

39/248 (16%) of all patients recieved a
targeted matched treatment

138 other sequenced solid tumors:

93/138 $67%) patients with at least one
targetable alteration

1/93 (1%) patients with at least ready
for use alteration

20/93 (21%) patients recieved a targted
matched treatment

20/138 (149%) of all patients recieved a
targted matched treatment



Potentially targetable genetic alterations across tumor groups
MAPPYACTS

Comparison of CNS tumors, sarcomas, and other solid tumors, with the full cohort shown as reference
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OVERALL | 0 0 0 0
632 | 436/632 44/436 10706 1Bk
among targetable among all patlents)
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Potentially targetable genetic alterations
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2007: Genomic Revolution

Next generation sequencing

Cost per Raw Megabase of DNA Sequence
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The landscape of genomic alterations
across childhood cancers
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961 tumours from children, adolescents, and young adults

. . comprising 24 distinct molecular types of cancer
Next generation sequencing
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1. Rate of pathogenic mutations in pediatric cancers is lower than that of adult cancers
2. 509 of pediatric neoplasms has potentially druggable events
3. 109, of the children carries predisposing germline variant



PRECISION MEDICINE
IN CANCER TREATMENT
Tr ans | at | ona | ge nom | CcS Discovering unique therapies that treat an individual's cancer based on the
findings
in pediatric oncology

specific genetic abnormalities of that person’s tumor.
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